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(54) Pacemaker system with improved evoked response and repolarization signal detection 



(57) There is provided a pacemaker system with 
capture verification and threshold testing, in which the 
pacemaker adjusts the post-stim pulse portion of a 
triphasic pulse to minimize polarization, and waits after 
each change in delivered pace pulses for a stabilization 
interval, in order to enhance capture verification. The 
threshold test utilizes a pace pulse pair, comprising a 
prior search pulse (54) which is varied during the test, 
and the regular pacing pulse (50) which is above thresh- 
old. When delivery of the pulse pairs is initiated, the 
search pulse is adjusted to optimize polarization (54), 
and the pacemaker waits for a predetermined stabiliza- 
tion period of time (55) in order to allow for minimum 
polarization and to optimize capture detection. The 
search pulse is increased incrementally in output value 
toward threshold (64), and following each such increase 
the pacemaker waits for a stabilization interval (55). The 
pacemaker detects when capture is achieved by the 
search pulse (58), thereby providing an indication of 
threshold. The polarization minimization feature 
involves changing the post-stim and/or pre-stim pulse 
system; preferably the pre-stim portion is fixed and the 
post-stim duration is scanned (77) to find the optimal 
duration. The polarization minimization also enables 
detection of repolarization signals, and consequent 
pacemaker functions such as AAIR pacing and sup- 
pression of atrial tachycardia. 
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Description 

Field of the Invention 

This invention relates to pacemaker systems and, 
more particularly, pacemaker systems which provide for 
capture detection and automatic threshold determina- 
tion, and for detection of repolarization signals. 

RAHKGROUN n Of JHE INVENTION 



A chronic problem in the pacemaker art is that of 
minimizing the output energy of delivered stimulus 
pulses, ether the ventricular pulse (VP) for a single 
chamber ventricular pacemaker, the atrial pulse (AP) for 
an atrial pacemaker, or both VP and AP for dual cham- 
ber pacemakers. Although battery sources have 
improved greatly in recent years, so too have capabili- 
ties for performing additional functions, such as obtain- 
ing and storing diagnostic data, telemetering such 
stored information or other pacemaker parameter data 
to an external programmer, etc. These new functions 
are enabled by dramatic advances in the area of data 
processing, particularly with the increased use of micro- 
processors and associated memory Accordingly, what- 
ever the battery capacity, the pacemaker manufacturer 
is constantly seeking additional ways to save energy so 
as to enable performance of additional functions while 
maintaining effective pacemaker lifetime. Thus, in 
designing future products it is more and more important 
to minimize the pulse output energy. This leads to the 
need for accurate measuring of evoked P and/or R 
waves, to determine whether or not a pace pulse has 
been effective in stimulating the heart. The technique of 
determining how low the output energy can be set is 
known as threshold searching, by which the threshold 
amount of energy needed to evoke cardiac response is 
determined. As is known in the art, once the threshold is 
determined, the pacing level can be set at some safe 
incremental level above threshold, to optimize the 
amount of energy delivered through the pace pulses. 

The pacemaker patent literature reveals many dif- 
ferent schemes for determining threshold to cardiac 
pacing. See, for example, U.S. Patents Nos. 3,835,865; 
4,305,396; 5,320,643; and 5,476,487. Most threshold 
searching arrangements rely on accurate sensing of the 
evoked response, i.e.. determining whether the deliv- 
ered pace pulse "captures" or evokes a cardiac 
response. However, a major problem has been to detect 
evoked potentials when they are superimposed on the 
polarization voltage which is generated at the electrode- 
tissue interface. Minimization of such polarization at the 
electrode where the pulse is delivered, and which fol- 
lows a delivered pace pulse, is essential in measuring 
the evoked potential, or evoked response. If a large 
degree of polarization exists, it is difficult to detect an 
evoked response at the electrode. See U.S. Patent No. 
4,343,312. which provides an output circuit for deliver- 



ing a triphasic pace pulse designed to minimize polari- 
zation and better enable detection of capture or no 
capture, as well as enabling detection of evoked T- 
waves. In such a triphasic pulse, pulses of opposite 
5 polarity are added both before and after the stimulus 
pulse, to counteract the buildup of charge at the elec- 
trode^tissue interface which would otherwise result from 
the stimulus pulse. 

The present invention is based on the observation 
to that reliable detection of evoked responses, as well as 
repolarization signals from the ventricle or atrium, 
requires a stable polarization environment Thus, relia- 
ble capture detection can take place only when polari- 
zation has been minimized and stabilized, which 
is condition should be achieved to the fullest possible 
extent before proceeding with threshold testing. It is 
accordingly an object of this invention to provide a sys- 
tem for capture detection and threshold determination, 
as well as for repolarization signal detection, which 
20 includes minimization and stabilization of polarization. 



CMMMARV QFTHE INVENTION 

There is provided a pacemaker system which incor- 
25 porates an improved technique for optimizing polariza- 
tion caused by a delivered pace pulse, enabling 
improved detection of atrial or ventricular evoked 
responses and repolarization signals. In a preferred 
embodiment the system of this invention provides for 
30 determining threshold to a delivered pace pulse, either 
VP or AP, the threshold determination being carried out 
after optimizing polarization caused by delivery of pace 
pulses. The pacing pulses are preferably triphasic, and 
have a positive pre-stimulus portion; a negative stimulus 
35 portion; and a positive post-stimulus portion. The polar- 
ization optimization routine involves adjusting the dura- 
tion of the post-stimulus portion until the polarization 
level after delivery of a pacing pulse is a positive value, 
and within a predetermined range, e.g., 0.5 to 1.0 mV. 
40 When the polarization following delivered pacing 
pulses, or stimulus pulses, is stabilized within this 
range, the evoked response can be reliably detected by 
looking for a negative going signal within a time window 
following the pacing pulse. 
45 Upon initiating a threshold search, the pacemaker 
utilizes pairs of separate stimulus pulses, spaced 50- 
100 ms from each other. A second, or search pulse is 
generated 50-100 ms before the regular pulse, initially 
at a relatively small output which is below threshold. 
so The search pulse is also adjusted for minimal polariza- 
tion, preferably using the adjustment criteria adopted for 
the regular pace pulses. In order to provide stabilization, 
the pulse pairs are delivered at constant output levels 
for a predetermined stabilization period, e.g., 1-20 stabi- 
55 lization pulses. After this, capture is determined by first 
looking for an evoked response following the relatively 
low level search pulse, and then following the higher 
level regular pulse; optionally the time from delivery of 
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the second pulse to detection of the T-wave can also be 
used to verify whether the search pulse or the regular 
pace pulse evoked capture. If capture is not found, the 
search pulse is adjusted to a new and higher value, and 
again the test waits for a number of stabilization pulses 
before looking for an evoked response. The steps of 
increasing the search pulse toward threshold and wait- 
ing a predetermined stabilization period, and only then 
looking for capture, are repeated until it is found that the 
search pulse has captured the heart, thereby indicating 
threshold. After this, the regular pace pulse is adjusted 
as a function of the determined threshold. 

The polarization minimization routine of this inven- 
tion also makes possible reliable detection of repolariza- 
tion signals, in both the ventricle (T-waves) and atrium. 
With detection of atrial repolarization signals. AAIR 
mode pacing and other pacing or anti-tachycardia treat- 
ment functions can be carried out 

BR|EF DESCRIPTION OF TH E DRAWINGS 

Figure 1 is a block diagram showing the primary 
elements of a pacemaker system in accordance with 
this invention, having incorporated in it a routine for cap- 
ture detection and threshold search. 

Figure 2A is a diagram of a triphasic pace pulse 
designed to minimize polarization; Figure 2B is a timing 
diagram indicating delivery of pulse pairs to a patient's 
ventricle, each pair comprising a first search pulse and 
a second regular pace pulse, illustrating how ventricular 
capture by the search pulse can be detected; Figure 2C 
is a timing diagram showing capture detection by deliv- 
ery of similar pulse pairs to a patient s atrium. 

Figure 3A comprises a pair of timing diagrams 
which illustrate the use of a sensing window, where the 
regular pulse captures the heart; Figure 3B is a similar 
pair of timing diagrams illustrating use of a sensing win- 
dow, where the search pulse of the pulse pair captures 
the heart. 

Figure 4 is a flow diagram showing the primary 
steps of a threshold detection routine in accordance 
with this invention. 

Figure 5 is a flow diagram of a routine for adjusting 
pace pulses for minimization of polarization, in accord- 
ance with this invention. 

Figure 6 is a flow diagram of a the steps taken in 
accordance with an embodiment of this invention for 
detecting evoked responses and T-waves after polariza- 
tion minimization. 

Figure 7 is a simplified flow diagram of the steps of 
detecting atrial capture by a delivered atrial pace pulse; 
detecting atrial repolarization; and utilization of the atrial 
repolarization signal for pacemaker follow-up. 

nFS rpipnON OF THE PRFFFRRED EM BODI- 
MENTS 



Referring now to Figure 1, there is shown a block 



diagram of an illustrative pacemaker system for use in 
the practice of this invention. Trie block diagram of Fig- 
ure 1 shows the primary functional components of a 
pacemaker, which components and their interconnec- 
5 tions are well known in the pacemaker art. A VP gener- 
ator 30 produces ventricular pace pulses, including 
pulse pairs as used in this invention, under control of 
control block 40. The output of generator 30 is con- 
nected through a pacing lead lv to a ventricular elec- 
10 trode or electrodes indicated at 31. for pacing of the 
patient's ventricle. The electrode or electrodes 31 also 
sense signals in the patient's ventricle, natural and 
evoked. Signals sensed at electrodes 31 are connected 
to a QRS sense amplifier circuit 35. as well as to a T- 
T5 wave sense arrpiifier 36. By a technique well known in 
the art. amplifier 35 is enabled for a window correspond- 
ing to the expected arrival of the QRS. under control of 
circuit 40; similarly the T-wave amplifier is enabled for a 
window of time around the expected T-wave. likewise 
20 under the control of circuit 40. Thus, ventricular senses 
(VS) and T-waves are detected and inputted into control 
40, for use by the pacemaker. For a dual chamber pace- 
maker, there is also an atrial pulse generator 32, which 
delivers atrial pace pulses under control of control cir- 
25 cuit 40. These pulses are connected through an atrial 
lead L A to atrial electrode or electrodes designated at 
33. Natural P-waves. or evoked atrial responses, are 
sensed by the atrial electrodes 33. and connected to P- 
wave sense amplifier 37, the output of which is con- 
so nected back to control block 40. Sense amplif ier 37 may 
also switchably be enabled for a window of time corre- 
sponding to the expected arrival of the P-wave. 

Control block 40 performs the various logic and 
processing functions of a modern pacemaker, and suit- 
35 ably comprises a microprocessor. The microprocessor 
circuit itself contains some memory, and there may be 
additional memory. RAM/ROM, as indicated at block 41 . 
The allocation of hardware and software to the structure 
and control block 40 is a matter of design choice, and 
40 not important to the scope of this invention. Also shown 
are sensors 42. for determining one or more parameters 
from which rate responsive control can be achieved, 
again in a known fashion. Block 44 illustrates a receiver- 
transmitter for communicating with an external program- 
45 mer by telemetry, in a known fashion. Thus, program 
instructions from an external transmitter are received at 
44 and coupled into control block 40; likewise data col- 
lected by the pacemaker concerning pacemaker operat- 
ing variables and/or diagnostic data may be 
50 downloaded through unit 44 to the external program- 
mer, in a known manner. 

Referring now to Figure 2A, there is shown a repre- 
sentative triphasic pace pulse designed to minimize 
polarization produced by delivery of a pace pulse 
55 through an implanted electrode. The triphasic pulse 
comprises a first positive going portion, a larger nega- 
tive going portion which is designed to evoke the car- 
diac response, and a follow-up positive going portion. 
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The parameters, i.e.. magnitude and duration, of the 
respective portions of the triphasic pulse are adjusted to 
determine the combination which optimally minimizes 
polarization. As an example of such an adjustment, see 
U.S. Patent No. 4,343,312, incorporated herein by refer- 
ence. In a currently preferred embodiment, as dis- 
cussed below, the pre-stim duration is fixed, while the 
post-stim duration is adjusted until the polarization after 
delivery of the entire pulse is of a polarity opposite to the 
stimulus, e.g.. positive, and is within predetermined lim- 
its. Hie polarization is sensed by the sense amplifier, 
e.g.. by being positive level triggered at a predetermined 
sensitivity. In a preferred embodiment, the post-stim 
duration, or interval, is first set to a value such as 6 ms, 
which ensures a resulting positive polarization (for a 
negative stimulus). After this, the post-stim duration is 
decreased in steps until the polarization after the pulse 
is found to be within a range of levels, e.g., plus 0.5 mV 
to 1.0 mV. This represents a minimal polarization level, 
which enables reliable evoked response detection by 
simply looking for a negative-going signal following the 
blanking interval. Note that as used herein, the terms 
minimize and minimization refer to reducing polarization 
to a desired level. At about 0.5 to 1 .0 mV, the polariza- 
tion is not sufficient to mask the cardiac signals which 
the pacemaker must detect; and also, this level means 
that a negative-going signal within a short window after 
the blanking period is more than noise, and can reliably 
be interpreted as the evoked response. 

Alternately, polarization can be minimized by 
adjusting the height and width of respective pulse por- 
tions of biphasic or triphasic pulses to different values. 
The resulting polarization is then observed, and com- 
pared for different combinations of the positive and neg- 
ative portions. When minimization of the polarization is 
found, data relating to the polarization signal, or a 
"polarization template" can be stored and used for com- 
parison when subsequent changes in the stimulus pulse 
are evaluated. 

Referring to Figure 2B, there is shown a timing dia- 
gram illustrating delivery of a pair of pulses in accord- 
ance with this invention, e.g., a first search pulse and a 
second regular pacing pulse. Figure 2B shows a thresh- 
old test being performed for ventricular pacing. Follow- 
ing a first atrial pulse and resulting atrial evoked 
response and an AV delay, a search pulse (S) and reg- 
ular pulse (R) are delivered. As indicated, the regular 
pulse captures the ventricle, resulting in a QRS complex 
and T-wave. The time between the delivery of the regu- 
lar pace pulse and the T-wave is indicated as Q-T v At a 
later time, after the search pulse output level has been 
raised above threshold and stabilized, it is seen that the 
search pulse captures the ventricle, not the regular 
pulse, and that QT 2 is decreased relative to QT 1# Fig- 
ure 2C is a similar timing diagram, applied to the thresh- 
old test for atrial pace pulses, again showing a first pair 
where the search pulse does not capture the atrium, 
and second pair where the search pulse does capture 
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the atrium. It is to be noted that Figures 2B and 2C are 
illustrative of the timing involved, and that the intracar- 
diac signals as seen by an implanted pacemaker may 
differ slightly in ways that are not relevant to the expla- 

5 nation of this invention. 

Referring to Figure 3A. there is illustrated the tech- 
nique of providing an evoked response window follow- 
ing each delivered pace pulse, for determining whether 
there has been an evoked response. As seen in the 

10 upper timing diagram of Figure 3A, a first search pulse 
is delivered, and an evoked response window is timed 
out centered about a time ti following the search pulse. 
As seen in the lower timing diagram, the search pulse 
does not evoke a response, and there is no detected 

is evoked response during the search window. When the 
regular pace pulse is delivered, a window is timed out 
centered about time t 2 following the regular pulse, and 
during this regular window the sense amplifier sees the 
evoked response. Referring to Figure 3B, the same 

20 pulse pair is shown, but in this instance the evoked 
response is seen during the search window centered 
around time ty This window technique enhances spe- 
cific detection of the evoked response, i.e., for determin- 
ing whether it was the search pulse or the regular pulse 

25 that evoked the response. 

Referring now to Figure 4, there is shown a flow dia- 
gram of the primary steps in carrying out the capture 
detection and threshold search feature of this invention. 
The algorithm starts by adjustment of the regular pulse 

30 for lowest polarization and optimum evoked response, 
as indicated at 50. Such adjustment may be made as 
discussed above, and as discussed further below in 
connection with Figure 5. Following this, the pacemaker 
measures the pace-T time, or "QT* interval, continu- 
es ously. As indicated at 51 , the test waits for a predeter- 
mined number n of delivered pulses, to allow 
stabilization of the polarization pattern. The stabilization 
can vary, and the waiting period is a matter of design 
choice. For example, n can vary between 0 and 20. 

40 However, it is an important feature to make sure that 
there is a stabilization period. Following this, as indi- 
cated at 54, the pacemaker begins to deliver pulse 
pairs, switching on a second, search pulse, and adjust- 
ing the search pulse for lowest polarization. Here, the 

45 adjustment of the search pulse may be made based on 
the adjustment of the triphasic pulse components made 
for the regular pulse, i.e., the same relative heights and 
durations of the pulse portions may be utilized. Follow- 
ing this, as indicated at 55, the pacemaker again waits a 

so predetermined time, e.g., 10 stabilization pulses. Only 
after both the regular pulse and the search pulse have 
been stabilized, is measurement of the evoked 
response undertaken. Optionally, at the end of the sta- 
bilization interval, the polarization immediately after 

55 delivery of a pulse can be checked to see if it remains 
within the predetermined limits. If not, the post-stim 
duration can be further adjusted. 

At 56, evoked response is sensed following the 
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search pulse and the regular pulse, and the pace-T time 
relative to the regular pulse is measured. Following this, 
at 58. it is determined whether the threshold has been 
reached, i.e.. whether an evoked response is sensed by 
the sense amplifier following the search pulse. Option- $ 
ally, as indicated, threshold can be verified by examining 
the pace-T time interval, and determing whether it has 
shifted, as discussed above. Of course, at the beginning 
of the test, it is anticipated that the search pulse output 
level has been set below threshold, such that it does not w 
capture. When threshold has not been reached by the 
search pulse, the routine exits to block 64. and adjusts 
the search pulse output upwardly to a new value. The 
routine then goes back to block 55. and again waits for 
1 0 stabilization pulses before going to the steps of cap- 75 
ture detection and threshold determination. Thus, the 
routine may cycle a number of times until the search 
pulse has incremented above threshold. Importantly, 
each time the search pulse output is incremented, a 
new stabilization interval is invoked, in order to minimize 20 
polarization within the desired limits, and to enable reli- 
able capture detection. 

It is to be understood that block 58 can be modified. 
For example, the pacemaker can look for 1 , 2, 3 ... or n 
delivered pulse pairs where the search pulse is deter- 25 
mined to capture the heart, where n can be 2 or greater 
to ensure that threshold has been reached. 

After threshold has been reached by the search 
pulse, the routine branches to step 60 and, if desired, 
adjusts the regular pulse accordingly, i.e., at a safety 30 
value above threshold. Following this, as indicated at 
62. the pacemaker paces continuously with the regular 
pulse, measuring evoked response on each delivered 
pulse. In the case of no evoked response, a back-up 
pulse can be delivered to avoid skipping a heartbeat. 35 
Note that adjustment at step 60 may not be required, 
particularly rf the change would be very little. Also, the 
pacemaker may be programmed to periodically obtain a 
threshold reading only for diagnostic purposes, e.g.. to 
record threshold trend, construct a threshold histogram. 40 
etc. Also, although not shown, the maximum value of 
the evoked response can be measured, and the sense 
amplifier sensitivity adjusted, e.g., to a value of about 
one-half the maximum evoked response amplitude. 

It is to be understood that the capture detection and 45 
search features of this invention can be employed dur- 
ing clinical follow-up, in which case it is initiated by an 
external programmer. In this setting, the measured val- 
ues will be communicated to the programmer, and the 
physician can re-program pace pulse output level as so 
indicated. Alternately, the feature can be performed 
automatically, e.g., after a programmable period such 
as 12 or 24 hours. The threshold value that has been 
found is stored by the pacemaker, and upon next initiat- 
ing a threshold test, the search pulse is set at a prede- 55 
termined level relative to the last determined threshold, 
to optimize the test procedure. For example, if the latest 
measured threshold value was 0.5V, the threshold test 



can start automatically with a search pulse at 0.4V and 
a regular pulse at the regular output (for example 2.5V). 
If 0.4V does not result in capture, the next search pulse 
amplitude will be 0.6V (right above the previous thresh- 
old value). This way, the threshold procedure will be per- 
formed in a minimal amount of time. 

In the practice of this invention, the capture detec- 
tion feature can be used without a threshold detection 
test Thus, the pacemaker may be enabled to automati- 
cally adjust the stimulus pulse parameters, wait out a 
stabilization period, and proceed with capture detection. 
In the event that an evoked response is not sensed at 
any time, a back-up stimulus is delivered, and the stim- 
ulus output is adjusted upward by a predetermined 
increment. 

Referring now to Figure 5, there is shown a flow da- 
gram of the main steps taken in a preferred embodiment 
for minimizing polarization to the desired range. At 70. 
the duration of the post-stim pulse portion. Dpost as 
seen in Fig. 2A. is initially set to a predetermined value, 
e.g., 6 ms. At 71, a variable n is set to zero. At 72. the 
pacemaker delivers a stimulus pulse, which has a post- 
stim duration as set. e.g.. initially 6 ms. The polarization 
following a normal blanking period is sensed by the 
sense amplifier and is measured. This is done repeat- 
edly, and a value of the average polarization level for the 
series of n pulses, Pavg, is calculated. Then, at 74, it is 
determined whether the series of n pulses has been 
delivered; if not, the value of n is incremented by one, as 
seen at 75. and the routine loops back to block 72 to 
deliver the next pulse and update Pavg. When n pulses 
have been delivered, the routine proceeds to block 76 
and determines whether Pavg is within the predeter- 
mined limits, e.g., greater than 0.5 mV and less than 1 .0 
mV. If yes, the routine exits, since the present value of 
post-stim duration corresponds to the desired polariza- 
tion level. If not. then the routine proceeds to block 77 
and decrements the post-stim duration by. e.g., 1 ms. At 
78, it is determined whether Dpost is equal to a prede- 
termined minimal value, which is a function of lead 
impedance, ff not. the routine loops back to 71 and 
delivers another set of pace pulses with the adjusted 
value of Dpost. again determining whether the polariza- 
tion is within the set limits. Whenever the desired polar- 
ization level is found, the routine exits. If the minimum 
value of Dpost is reached, the routine exits with Dpost 
set equal to such minimal value. 

In practice, the routine of Figure 5 need not be run 
very often. It can be run after pacemaker implant, when 
chronic electrode fixation is achieved, and thereafter the 
polarization need not be adjusted, except for threshold 
testing. Optionally, the polarization routine can be run 
periodically, or on command from an external program- 
mer. 

Referring now to Figure 6, there is illustrated a flow 
diagram of the primary steps taken in accordance with 
the system of this invention for detecting evoked ven- 
tricular responses (R waves) and repolarization signals 
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(T-waves). At 80. a pulse is delivered, either triphasic as 
illustrated in Figure 2A, or biphasic. the post-stim dura- 
tion being adjusted to result in minimal polarization as 
discussed above. At 81. the sense amplifier for sensing 
signals in the ventricle is blanked fa a short duration, in 5 
a known manner. Then, as shown at 84. the sense 
amplifier circuit is enabled. This step may include ena- 
bling the amplifier for a window of time following the 
blanking interval, in a known manner. If a negative sig- 
nal is determined, as seen at 86, then at 87 the pace- w 
maker interprets that capture has occurred. At 88, the 
sense amplifier is enabled, again preferably for a win- 
dow of time corresponding to the expected occurrence 
of the T-wave. T-wave sensing occurs in a known man- 
ner. 15 

Referring now to Figure 7, there is shown a flow dia- 
gram for determining evoked response to a delivered 
atrial pulse, as well as for detecting atrial repolarization. 
At 90, a triphasic or biphasic stimulus pulse is delivered, 
with adjusted post-stim duration in accordance with the 20 
above discussion. At 92, atrial capture is determined, 
again as described above for determining an evoked 
response. Following this, the repolarization signal is 
detected in the same manner as discussed in connec- 
tion with Figure 6 for the ventricular case. Following this. 25 
at 96 the pacemaker follows-up to use the information 
about the repolarization signal, in accordance with the 
manner in which the pacemaker has been programmed. 
For example, for an AAIR pacemaker, the stimulus- 
repolarization interval is determined, for control of atrial 30 
pacing rate in the same manner as is done for a VVIR 
pacemaker which uses Q-T interval as the rate control 
parameter. Likewise, the timing of the atrial repolariza- 
tion can be used for treating atrial arrhythmias or for 
inducing such; atrial repolarization can be monitored to 35 
determine response to drug treatment; etc. 

The polarization optimization routine of this inven- 
tion can be employed at a frequency programmed at 
implant, or later. As is known, polarization varies in time, 
and is a function of the lead. As used herein, the polari- 40 
zaton level is the level of the polarization detected by 
the sense amplifier, across the output electrodes. Thus, 
when it is stated that polarization is detected at the lead 
electrode, this means between the tip electrode and the 
pacemaker can for a unipolar system, or between the tip 45 
electrode and ring electrode for a bipolar system. The 
frequency of carrying out the polarization optimization 
routine can be once daily following implantation, and 
adjusted to longer intervals when chronic lead condi- 
tions are reached. so 

Claims 

1. A cardiac pacemaker system, having a stimulus 
generator (30, 32) for generating stimulus pulses, 55 
lead delivery means (LV, LA) for delivering said 
pulses to at least one electrode (31 , 33) positioned 
in a patient's heart, sensing means (35. 37) for 



sensing electric signals at said electrode following 
delivery of a stimulus pulse, and capture means 
(40, Fig. 4) for determining when a delivered stimu- 
lus has evoked a cardiac response wherein said 
capture means is characterized by: 

polarization control means (50. 54) for adjust- 
ing at least one parameter of said stimulus 
pulses so as to minimize polarization at said 
electrode resulting from a delivered pace 
pulse, stabilization control means (51 , 55) for 
determining when said stimulus generator has 
generated said adjusted stimulus parameters 
for at least a predetermined stabilization inter- 
val, and 

detection means (56. 58) operative after said 
stabilization interval for sensing the signals at 
said electrode following one or more delivered 
adjusted stimulus pulses, and for determining 
from said sensed signal or signals whether said 
stimulus pulse is capturing the patient's heart 

2. The system as described in claim 1 , wherein said 
stabilization control means comprises interval 
means (55) for maintaining said stabilization inter- 
val for n adjusted stimulus pulses. 

3. The system as described in claim 2, wherein said 
interval means comprises means for setting n to a 
number between 1 and 20. 

4. The system as described in claim 1, comprising 
pulse pair means for controlling said stimulus gen* 
erator to generate stimulus pulse pairs, and 
wherein said polarization control means comprises 
means for adjusting at least one parameter of each 
stimulus of said pulse pairs, and said stabilization 
means comprises means for determining when 
pulse pairs adjusted by said polarization control 
means have been delivered for at least a predeter- 
mined stabilization period. 

5. The system as described in claim 4, wherein said 
pulse pair means comprises control means (50, 54) 
for controlling the output levels of the first and sec- 
ond pulses of each said pulse pair, said second 
pulse being a regular pacing pulse at an output 
level above the patient's pacing threshold. 

6. The system as described in claim 5. wherein said 
detection means is operable at the end of said sta- 
bilization period for detecting which pulse of a said 
pulse pair delivered after said stabilization period 
evoked a heart response (58); and comprising 

repeat means (64) operable following a detec- 
tion that said regular pulse evoked a cardiac 
response, for incrementing said first pulse out- 
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put and for enabling said stabilization means to 
determine when stimulus pulse pairs with an 
incremental first pulse output have been deliv- 
ered for a stabilization period following said 
incrementing; 

threshold measuring means for determining 
when said incremented first pulse results in an 
evoked response (58). and for then storing the 
first pulse output value as said measure of pac- 
ing threshold; and 

means (60) for setting the output value of said 
stimulus pulses as a function of said measure 
of threshold. 

7. The system as described in claim 6. wherein said 
threshold means further comprises first adjusting 
means for adjusting at least one predetermined 
parameter of said first pulse to minimize polariza- 
tion prior to said stabilization. 

8. The system as described in claim 6, wherein said 
pulse pair means comprises means for generating 
said first pulse at a time within the range of about 
50-100 ms before said second pulse. 

9. The system as described in claim 6, wherein both 
of said first and second pulses have controllable 
positive and negative portions having adjustable 
magnitude and duration parameters. 

10. The system as described in claim 1. wherein said 
polarization control means (50) has means for 
detecting polarization due to a delivered pulse and 
comparing said detected polarization to a predeter- 
mined polarization pattern. 

11. The system as described in claim 5. wherein said 
pulse pair means comprises means for controlling 
said stimulus means to generate said first and sec- 
ond pulses as triphasic pulses, and control means 
for controlling the shape of said triphasic pulses so 
as to minimize polarization. 

12. The system as described in claim 1, wherein said 
stimulus generator has means (30) for delivering 
stimulus pulses to the patient's ventricle. 

13. The system as described in daim 1. wherein said 
stimulus generator has means (32) for delivering 
stimulus pulses to the patient's atrium. so 

14. The system as described in claim 1. wherein said 
stimulus generator comprises triphasic means for 
generating a stimulus pulse having a pre-stim por- 
tion of a first polarity, a stimulus portion of a second 
polarity, and a post-stim portion of said first polarity, 
and wherein said polarization control means com- 
prises means (70, 77) for controlling the duration of 



said post-stim portion. 

15. The system as described in daim 14, comprising 
program means for programming said post-stim 
duration to a value at which the polarization signal 
following a delivered triphasic pulse is within prede- 
termined limits (76). 
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The system as described in daim 15, wherein said 
program means has positive means for program- 
ming said post-stim duration to a value at which the 
level of polarization signals following delivered pace 
pulses is a positive value within said limits, and 
wherein said detection means comprises means for 
detecting a negative-going signal (86). 



17. The system as described in claim 16, comprising 
threshold determining means for determining 
patient threshold to delivered pace pulses having 
said programmed post-stim pulse duration. 

18. The system as described in claim 17, wherein said 
threshold means comprises means for determining 
that said post-stim polarization is within said limits 
following a predetermined number of consecutive 
said padng pulses delivered at a predetermined 
stimulus level. 

19. The system as described in claim 18, wherein said 
program means comprises means for adjusting 
said post-stim portion to different values in a prede- 
termined sequence until said polarization signals 
are determined to be within said limits. 

20. The system as described in claim 19, wherein said 
program means comprises means for setting said 
polarization signal limits at about 0.5 mV to 1 .0 mV. 
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